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(57) L 'invention portc sur une composition comprcnant 
un composite de resine industrielle et de fibres de bois 
uti Usable sous forme d'extrudats lin^aires ou de pastilles 
thennoplastiques obtenns par extrusion ou moulage par 
injection pour la fabrication d'^l^ments structurcls. Les 
cxtnidats lin^aires ou les pastilles peuvcnt presenter tout 
type de section y compris des sections gdomdtriques 
regulieres. Les pastilles, d^un volume minimal de 

12 nmi , se pr^sentent de pr^fi&rence sous !a forme d'un 
cylindre droit d'un rayon minimal d'environ 1,5 mm, 
d'lme longueur minimale de 1 mm. et d'un poids 
minimal dc 14 mg. L'invcntion portc dgalcmcnt sur Ic 
recyclage sensible k Tenvironnement courants de 
dechets contenant des flocons ou particules de polym^res 
ou des fibres de bois. Lesdils dechets peuvcnt 
comprendre en plus des rdsines, d*autres matiferes 
thermoplostiques, des fibres des adh6sifs, des peintures, 
des agents preservaleurs, et d'autres produils chimiques 
intervenant normalement dans les processus de 
fabrication des portes et fenetres de bois. ou leur 
melange. 



(57) The invention relates to a composition comprising 
an engineering resin and wood fiber composite that can 
be used in the form of a linear extrudate or thermoplastic 
pellet to manufacture structural members. The resin/ 
wood fiber composite structural members can be 
manufactured in an extrusion process or an injection 
molding process. The linear extnidate or pellet can have 
a cross section of any arbitrary shape, or can be a regular 
geometric shape. The pellet can have a volume of at least 

about J 2 mm . Fteferably the pellet is a right cylindrical 
pellet having a minimum radius of about 1.5 mm and a 
minimum length of 1 mm weighing at least 14 mg. The 
invention also relates to the environmentally sensitive 
recycle of waste streams. The resin/wood fiber 
composite can contain an intentional recycle of a waste 
stream compiFisIng polymer flakes or particles or wood 
fiber. The waste stream can comprise, in addition to 
resin, other thermoplastics, fibers, adhesive, paint, 
preservative, or other chemical stream common in the 
wood-window or door manufacturing process, or 
mixtures therddf. 
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(54) Title: ADVANCED ENGINEERINO RESIN AND WOOD FIBER COMPOSITE 



(57) Abstract 



Tlie invention relates to a composition comprising an engineering resin and wood fiber composite that can be used in the form of 
a linear extnidate or thermoplastic pellet to manufacture structural members. The resin/wood fiber composite stmctura] members can be 
manufactured in an extrusion pr oc ess or an injection molding process. The linear extrudote cr pellet can have a cross section of any arbitrary 
shape, or can be a regular ge<unetric shape. The pellet can have a volume of at least about 12nun^ Pieferably the pellet is a right cylindrical 
pcUet having a minimum radius of about 1.5 mm aiKl a minimum length of 1 nun welglhing at least 14 mg. The invention also relates to the 
environmentally sensitive recycle of waste streams. The resin/wood dber composite can contain an intentional recycle of a waste stream 
comprising polymer flakes or particles or wood fiber. The waste stream can contprise, in addition to lesbi, other tiiermoplastics, fibers, 
adhesive, paint, preservative, or ottier chemical stream common in tiie wood-window or door maiuifacturing process, or mixtures tliereof. 



WE CLAIM: 

!• A resin and fiber composite thermoplastic 
Pgj-l^^ capable of formation into a structural member, 
5 which pellet comprises a thermoplastic extrudate having 
a width of about 0.1 to 5 millimeters and a length of 
about 0.1 to 10 millimetf^r*;^ the thermoplastic extrudate 
consisting essentially of: 

(a) a continuous phase comprising a 
10 thermoplastic engineering resin, comprising 

repeating monomer units substantially free of vinyl 
chloride, the resin having a surface energy greater 
than 4X10"'* N/cm, a processing temperature less than 
250 ""C, and a moisture sensitivity such that the 
iS resin does not have a substantial reduction in melt 

index or molecular weight during processing in the 
presence of water; and 

(b) an effective amount of wood fiber having 
a minimum dimension of about 0 .1 millime ter and a 

20 minimum aspect ratio of about 1 , 5 to j& ravide 

structural properties to the composite; 
wherein the resin and wood fiber are mixed at elevated 
temperatures and pressure such that an intimate 
admixtU2:o is formed, the wood fibers are dispersed in 

25 the a continuous thermoplastic phase, the pellet is a 

recyclable thermoplastic and the composite has a Young's 
modulus of at least 3447 MPa. 



2. A resin and fiber thermoplastic composite, 
30 capable of formation into a structural member, which 
composite comprises a thermoplastic engineering resin 
and fiber, the composite consisting essentially of: 
(a) a continuous phase of a theinnoplastic 
engineering resin, comprising repeating monomer 
35 units substantially free of vinyl chloride, the 

resin having a surface energy greater than 4X10"* 
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N/cm, a processing temperature less than 250-C, and 
a moisture sensitivity such that the resin does not 
have a substantial reduction in either melt index 
or molecular weight during processing in the 
presence of water; and 

(b) an effective amount o^ wood fiber having 

a minimum dimension of about X-'^-^f^^^'^^^^^ ^nd a 

minimum aspect ratio of abou^tU^to provide 

structural properties to the composite; 
Wherein the resin and wood fiber are mixed at elevated 
temperatures and pressure such that an intimate 
admixture is formed, the wood fibers disperse throughout 
a continuous thermoplastic resin phase, the pellet is 
recyclable and the composite has a Young's modulus of at 
least 3447 MPa. 

3 The composite of claim 1 or 2 wherein the 
engineering resin comprises a condensation polymer. 

4 The composite of claim 3 wherein the 
condensation polymer comprises a polyphenylene oxide. 

5. The composite of claim 3 wherein the 
condensation polymer comprises a polybutylene 
terephthalate . 

6. The composite of claim 3 wherein the 
condensation polymer comprises a polyethylene 
naphthalate . 

7 The composite of claim 3 wherein the 
condensation polymer comprises cellulose acetate 

butyrate, 

8. The composite of claim 1 or 2 wherein the 
engineering resin comprises a vinyl polymer. 
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9. The composite of claim 8 wherein the vinyl 
polymer comprises a copolymer comprising styrene. 

5 10. The composite of claim 9 wherein the copolymer 

comprises acrylonitrile and styrene - 

11. The composite of claim 8 wherein the vinyl 
polymer comprises acrylonitrile, butadiene and styrene. 

10 

12. The composite of claim 8 wherein the vinyl 
polymer comprises an acrylic polymer having repeating 
units derived from a monomer selected from the group 
consisting of acrylic acid, methacrylic acid, 

15 methylacrylate, methylmethacrylate, acrylamide and 
mixtures thereof. 

13. The composite of claim 1 or 2 wherein the wood_ 
fiber c omprises a by-product of mil3 -inq or gawina woodnja. 

20 me mbers and the pellet comprises less than about 10 wt-% 
water. 

14. The composite of claim 1 or 2 wherein the 
composite additionally comprises an ^pnt - that promotes 

25 the compatibility of the engineering resin and the ^ood 
fiber. 

15. The composite of claim 3 wherein the 
condensation polymer has a melt flow index of about 1 to 

30 10 gm/10 min. 

16. The composite of claim 8 wherein the vinyl 
polymer has a processing temperature least than 235 °C 
and a melt flow index of about 0.1 to 20. 

35 



AMENDED SHEET 



17. The composite of claim 1 or 2 wherein the wood 
fiber has a fiber length of about 0.1 to 2 millimeters 
and an aspect ratio of about 2 to 7 • 

18. The composite of claim 8 wherein the polymer 
is a polyacetal with a melt flow of about 0.001 to 0.1 
gm/10 min. 

19. The composite of claim 1 wherein the pellet 
comprises about 0.01 to 5% water, 

20. The composite of claim 1 wherein the pellet 
comprises a right circular cylinder having a radius of 
about 0.1 to 5 ram and a length of about 0.1 to 4.7 mm. 

21. The composite of claim 1 or 2 wherein the 
polymer comprises an additive selected from a lubricant, 
an antioxidant, a pigment, a thermal stabilizer, or a 
mixture thereof. 



22 • The composite of claim 1 or 2 wherein the 
aspect ratio is at least about 1.8. 

23. The . composite of claim 1 or 2 wherein the 
Young's modulus is at least 4137 MPa. 

24. The composite of claim 1 or 2 wherein the 
Young's modulus is at least 6895 MPa. 

25. The composite of claim 3 wherein the resin 
comprises a polyvinylidene fluoride. 

26. The composite of claim 3 wherein the resin 
comprises a thermoplastic polyurethane . 
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27. The composite of claim 1 or 2*wherein the 

resin comprises a polymer alloy. 

28. The composite of claim 27 wherein the polymer 
alloy comprises a polycarbonate resin and an 
acrylonitrile-butadiene-styrene resin . 

29. The composite of claim 2 wherein the resin 
additionally comprises and additive selected from a 
lubricant, an antioxidant, a pigment, a thermal 
stabilizer, or a mixture thereof. 

30. The composite of claim 2 wherein the resin 
comprises a polyvinyl idene chloride. 
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Field of the Invention 
This invention relates to composite thermoplastic 
5 materials used for the fabrication of structural 

members. Such members can comprise any structural unit 
or portion thereof. Preferably the member can be used 
in the manufacture of windows or doors for residential 
and commercial architecture. These composite' materials 

10 can include an optional, intentional recycle of by- 
product streams derived from window and door 
msuiuf acture, including thermoplastic resin, adhesive, 
paint, etc. More particularly, the invention relates to 
an improved composite material adapted to extrusion or 

15 injection molding processes, an formed into structural 
members that have improved properties when used in 
windows and doors. The composite materials of the 
invention can be made to manufacture structural 
components such as rails, jambs, stiles, sills, tracks, 

20 stop and sash, nonstructural trim elements such as grid, 
cove, bead, quarter rovind, etc. 

Background of the Invention 
Conventional window and door mcuiuf acturers have 

25 commonly used wood and metal components in forming 

structural members. CoTn.Tnr^r»n.y, residential windows are 
manufactured from milled wood products or extruded 
aluminum parts that are assembled with glass to form 
typically double hung or casement units. Wood windows 

3 0 while structurally sound, useful and well adapted for 
use in many residential installations, can deteriorate 
xinder certain circumstances. Wood windows also require 
painting and other periodic maintenance. Wooden windows 
also suffer from cost problems related to the 

35 availability of suitable wood for construction. Clear 
wood products are slowly becoming more scarce and are 
becoming more expensive as demand increases. Metal 
components are often combined with glass and formed into 
single unit sliding windows. Metal windows typically 
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suffer from substantial energy loss during winter 
months . 

Extruded thermoplastic materials have also been 
used as non- structural components in window and door 
5 manufacture. Filled and unfilled thermoplastics have 
been extruded into useful seals, trim, weathers tripping, 
coatings and other window construction components. 
Thermoplastic materials such as polyvinyl chloride have 
been combined with wood members in manuf actxiring 
10 PERMASHIEU) brand windows manufactured by Andersen 

Corporation for many years. The technology disclosed in 
Zanini, U.S. Patent Nos. 2,926,729 and 3,432,883, have 
been utilized in the manufacturing of plastic coatings 
or envelopes on wooden or other structural members. 
15 Generally, the cladding or coating technology used in 
making PERMASHIEIiD windows involves extruding a thin 
polyvinyl chloride coating or envelope surrounding a 
wooden structural member. 

Polyvinyl chloride has been combined with wood to 
20 make extruded materials. Such materials have 

successfully been used in the form of a structural 
member that is a direct replacement for wood. These 
extruded materials have sufficient modulus, compressive 
strength, coefficient of thermal expansion to match wood 
25 to produce a direct replacement material. Typical 

composite materials have achieved a modiolus greater than 
about 500,000 psi acceptable COTE, ^tensile strength, 
compressive strength, etc, to be useful. Deaner et al., 
U.S. Patent Nos. 5,406,768 and 5,441,801, U.S. Serial 
30 Nos. 08/224,396, 08/224,399, 08/326,472, 08/326,479, 
08/326,480, 08/372,101 and 08/326,481 disclose a 
PVC/wood fiber composite that can be used as a high 
strength material in a structural member. This 
PVC/fiber composite has utility in many window and door 
35 applications. 

A substantial and continuing need exists to provide 
a improved composite material (using polymers having no 
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Chloride containing monomer components) that can be made 
of thermoplastic polymer and wood fiber. The composite 
can be made with an optional, intentional recycle of a 
waste stream. A further need exists for a composite 
5 material that can be extruded into a shape that is a 
. direct svibstitute for the equivalent milled shape in a 
wooden or metal structural member. A thermoplastic with 
fiber compatibility, good thermal properties and good 
structural or mechanical properties is required. This 

10 need also requires a composite with~a coefficient o f 
thermal expa nsion that approximates w ood, that can be 
extruded into reproducible steJDle dimensions, a high 
modulus, a high tensile strength, a high compressive 
strength, a low thermal transmission rate, an improved 

15 resistance to insect attack and rot while in use and a 
hardness and rigidity that pezrmits sawing, milling, and 
fastening retention comparable to wood members. 
Further, companies manufacturing window and door 
products have become significantly sensitive to waste 

20 streams produced in the manufacture of such products. 

Substantial q[uantities of wood waste including wood trim 
pieces, sawdust, wood milling by-products, recycled 
thermoplastic materials, has caused significant expense 
to window manufacturers . Commonly, these materials are 

25 either burned for their heat value in electrical 

generation or are shipped to qualified landfills for 
disposal. Such waste streams are contaminated with 
substantial proportions of hot melt and solvent -based 
adhesives, waste thermoplastic, paint, preservatives, 

3 0 and other organic materials. A substantial need exists 
to find a productive environmentally conpatible use for 
such waste streams to avoid returning the materials into 
the environment in an environmentally harmful way. A 
composite that can be made with properties of these 

35 streams can be an advantage. 
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ffTr<«»^ Dlfir.ifHBlon Qg teha Invention 
We have found that the problems relating to forming 
a substitute for wood and metal structural members and 
the problems relating to the recycle of waste streams in 
S window manufacture can be solved by forming an 

engineering resin/wood fiber composite material into 
window and door structural members. A large variety of 
engineering resins have been provided over the last few 
years. These resins are available in a variety of 
10 grades, molecular weights, melting points, formulations, 
containing materials of great variability. We have 
found that not every engineering resin thermoplastic is 
useful in the manufacture of wood fiber composites. The 
engineering resin must be compatible in the melt form 
15 with wood fiber to form a high strength composite. The 
wood fiber must be fully wetted and penetrated, in its 
cellular structure, with the thermoplastic to form a 
high strength composite material. Further, the 
engineering resin must have thermal properties (melt 
20 flow properties or m.p < 2400C) that permit successful 
composite manufacture. Lastly, the resin should provide 
sufficient structural properties to the composite ; 
material to be successful in structural members in 
window and door manufacture. The engineering resin can 
25 be combined with wood fiber and optional waste materials 
to form a resin/wood fiber composite, preferably in the 
form of a pellet. The wood fiber comprises the sawdust 
or milling byproduct waste stream from milling wooden 
members in window manufacture and can be contaminated 
30 with substantial proportions of hot melt adhesive, 

paint, solvent or adhesive components, preservatives, 
resin, pigment, plasticizers, etc. We have found that 
the resin and wood fiber composite can be manufactured 
into acceptable substitutes for wooden members if the 
35 resin and wood material contains less than about 10 wt- 
%, preferably less than 3.5% water based on pellet 
wlight. The compositions can achieve in a final product 
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high modulus, high compressive strength, reproducible, 
stable dimensions, a superior modulus of elasticity and 
a coefficient of thermal expansion that matches wooden 
members . 

5 We have also found that the successful manufacture 

of structural members for windows and doors requires the 
preliminary manufacture of the resin\wood fiber 
composite in the form of a pellet wherein the materials 
are intimately mixed auid contacted in forming the pellet 

10 prior to the extrusion of the members from an 

appropriately shaped die using the composite or pellet 
material. We have found that the intimate mixing of the 
resin, wood fiber, and optional waste in the manufacture 
of the composite or pellet with associated control of 

15 moisture content produces a pelletized product that is 
uniquely adapted to the extrusion manufacture of 
resin/wood fiber components and achieves the manufacture 
of a useful wood replacement product. 

20 Detailed DeBcription of t he Invention 

The invention relates to the use of an engineering 
resin and wood fiber composite materials with a 
controlled water content in the form of a composite or 
pelletized material wherein the wood fiber is intimately 

25 contacted and wetted by the resin and organic materials. 
The intimate contact and wetting between the components 
in the pelletizing process ensures high quality physical 
properties in the extruded composite materials after 
manufacture. 

30 

The engineering resin and wood fiber can be 
combined and formed into a pellet using a thermoplastic 
extrusion processes. Initial pellet formation is an 
3 5 important step in composite manufacture. Wood fiber caji 
be introduced into pellet making process in a number of 
sizes. We believe that the wood fiber should have a 
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minimum length of at least 0,1 mm because wood flour^ 
(having a smaller dimension) tends to be explosive at 
certain wood to air ratios. Further, wood fiber of 
appropriate size of a aspect ratio greater than 1.5 
tends to increase the physical properties of the 
extruded structural member. 

During the pelletizing process for the composite 
pellet, the resin and wood fiber are intimately 
contacted at high temperatures and pressures to insure 
that the wood fiber and polymeric material are wetted, 
mixed and extruded in a form such that the polymer 
materials on a microscopic basis, coats and flows intn 
the pores, cavity, etc., of the fibers. The fibers are 
preferably substantially oriented by the extrusion 
15 process in the extrusipn direction. Such substantial 
orientation causes overlapping of adjacent parallel 
fibers and polymeric coating of the oriented fibers 
resulting a material useful for manufacture of improved 
structural members with improved physical properties. 
20 The degree of orientation is about 20%, preferably 30% 
above random orientation which is about 45 to 50%. The 
structural members have soibstantially increased strength 
and tensile modulus with a coefficient of thermal 
expansion and a modulus of elasticity that is optimized 
25 for window and doors. The properties are a useful 
compromise between wood, aluminum cuid neat polymer. 

Moisture control is an important element of 
manufacturing a useful linear extrudate or pellet. 
Depending on the equipment used and processing 
30 conditions, control of the water content of the linear 
extrudate or pellet can be important in forming a 
successful structural member siabstantially free of 
internal voids or surface blemishes. The concentration 
of water present in the sawdust during the formation of 
35 pellet or linear extrudate when heated can flash from 

the surface of the newly extruded structural member and 
can come as a result of a rapid volatilization, form a 
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Steam bubble deep in the interior of the extruded member 
which can pass from the interior through the hot 
thermoplastic extrudate leaving a substantial flaw. In 
a similar £ashion, surface water Ccui bubble and leave 
5 cracks, bubbles or other surface flaws in the extruded 
member. Further, engineering resins that are moisture 
sensitive should be avoided. Water csin react with some 
condensation polymers resulting in increased MI and 
reduced MW. 

10 Trees when cut depending on relative humidity and 

season can contain from 30 to 300 wt-% water based on 
fiber content. After rough cutting and finishing into 
sized lumber, seasoned wood can have a water content: of 
from 20 to 30 wt-% based on fiber content. Kiln dried 

15 sized lumber cut to length can have a water content 

typically in the range of 8 to 12%, commonly 8 to 10 wt- 
% based on fiber. Some wood source, such as poplar or 
aspen, can have increased moisture content while some 
hard woods can have reduced water content . 

20 Because of the variation in water content of wood 

fiber source and the sensitivity of extrudate to water 
content control of water to a level of less than 8 wt-% 
in the pellet based on pellet weight is important. 
Structural members extmded in non-vented extrusion 

25 process, the pellet should be as dry as possible and 
have a water content between 0.01 and 5%, preferably 
less than 1.5 wt-%. When using vented ecpaipment in 
manufacturing the extruded linear member, a water 
content of less than 8 wt-% can be tolerated if 

30 processing conditions are such that vented extrusion 
equipment can dry the thermoplastic material prior to 
the final formation of the structural member of the 
extrusion head. 

The pellets or linear extrudate of the invention \ 

35 are made by extrusion of the engineering resin and wood 
fiber con^osite through an extrusion die resulting in a 
linear extrudate that can be cut into a pellet shape. 
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The pellet cross -section can be any arbitrary shape 
depending on the extrusion die geometry. However, we 
have foxand that a regular geometric cross -sectional 
shape can be useful • Such regular cross-sectional 
5 shapes include a tricingle, a square, a rectsaigle, a 

hexagonal, an oval, a circle, etc. The preferred shape 
of the pellet is a regular cylinder having a roughly 
circular or somewhat oval cross -sect ion. The pellet 
volume is preferably greater than about 12 mm^. The 

10 preferred pellet is a right circular cylinder, the 

preferred radius of the cylinder is at least 1.5 mm with 
a length of at least 1 mm. Preferably, the pellet has a 
radius of 0.5 to 5 mm and a length of 1 to 50 mm. Most 
preferably, the cylinder has a radius of 1-5 to 2.5 mm, 

15 a length of 1.5 to 4.7 mm, a volume greater than 40 mm^, 
preferably greater than 100 mm^, a weight of 40 to 130 mg 
and a bulk density of about 0.2 to 0.8 gm/mm^. 
We have found that the interaction, on a 
microscopic level, between the resin mass and the wood 

20 fiber is an important element of the invention. The 
physical properties of an extruded member are improved 
when the polymer melt during extrusion of the pellet or 
linear member thoroughly wets and penetrates the wood 
fiber particles. The thermoplastic material comprises 

25 an exterior continuous organic resin phase with the wood 
particle dispersed as a discontinuous phase in the 
continuous resin phase. The fiber material during 
mixing and extrusion obtains or retains an aspect ratio 
of at least 1.5 and preferably between 2 and 7, 



3 0 optimizes orientation such as at least 20 wt-%, \ 
preferably 3 0% of the fibers are oriented in an extruder 
direction and are thoroughly mixed and wetted by the 
polymer such that all exterior surfaces of the wood 
fiber are in contact with the polymer material . This 

35 means, that any pore, crevice, cracky passage ^w av, 
indentation, etc., is ful ly filled by thermoplasl :ic 
material. Such penetration as attained by ensuring that 
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the viscosity of the resin melt is reduced by operations 
at e levated temperature and the use of sufficient 
pressure to force the polymer into the available 
internal pores / cracks and crevices in and on the 
5 surface of the wood fiber. 

During the pellet or linear extrudate manufacture, 
substantial work is done in providing a ujiifoarm 
dispersion of the wood into the polymer material. Such 
work produces substantial orientation which when 

10 extruded into a final structural member, permits the 

orientation of the fibers in the structural member to be 
increased in the extruder direction resulting in 
improved structural properties. 

The pellet dimensions are selected for both 

15 convenience in manufacturing and in optimizing the final 
properties of the extruded materials. A pellet is with 
dimensions siibst ant i ally less than the dimensions set 
forth above are difficult to extrude, palletize and 
handle in storage. Pellets larger than the range 

20 recited are difficult to introduce into extrusion or 
injection molding equipment, and are different to melt 
and form into a finished structural member. 



Engineering Resi n Thermoplastic Polvmer, 
25 Copolymers and PolYmeric Allovs 

A large variety of engineering resins can be used 

in the pellet and the composite materials of the 

invention. For the purpose of this application, an 

engineering resin is a general term covering a 

30 thermoplastic that may or may not contain a filler or 
reinforcing material that have mechanical, chemical and 
thermal properties suitable for use as structural 
components, machine components and chemical processing 
equipment components. We have found that the 

35 engineering resins useful in the invention include both 
condensation polymeric materials and vinyl polymeric 
materials. Included are both vinyl and condensation 
polymer resins, and alloys thereof, such as 
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aery lonitrile -butadiene -styz-ene (ABS) , polyacetyl 
resins, polyacrylic resins, fluorocarbon resins, nylon, 
phenoxy resins, polybutylene resins, polyarylether such 
as polyphenylether, polyphenylsulf ide materials; 
5 polycarbonate materials, chlorinated polyether resins, 
polyethersulfone resins, polyphenylene oxide resins, 
polysulfone resins, polyimide resins, thermoplastic 
urethane elastomers and many other resin materials. 
Vinyl polymers are typically manufactured by the 

10 polymerization of monomers having an ethylenically 

iinsaturated olefinic group. Condensation polymer resins 
are typically prepared by a condensation polymerization 
reaction which is typically considered to be a stepwise 
chemical reaction in which two or more molecules 

15 combined, often but not necessarily accompanied by the 
separation of water or some other simple typically 
volatile substance* If a polymer is formed, the process 
is called polycondensation. 



20 Important Polvmer Charac teristics 

Not every engineering resin is useful in the wood 
fiber composite materials that we had mentioned. First 
the engineering resin must have a surface enery y gur^H 
that the material, is compatible with the wood fiber . 

25 Resins that are not compatible with the wood fiber will 
not sufficiently wet the wood fiber to intimately bond 
and penetrate the wood fiber to obtain sufficient 
engineering properties. For the purpose of this 
invention, surface energy or surface wettability is 

30 defined in ASTMD 724-89 as revised and explained in the 
paper Owens et al. "Estimation of the Surface Free 
Energy of Polymers," Journal Of Applied Pp3,ymers 
Science, Vol. 13 pp. 1741-1747 (1969) . This method has 
become a standard method for quantifying surface energy • 

35 We have found that a useful surface energy is greater 

than about 40 dynes per square centimeter. Further, we 
have found that the engineering resin must have 
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sufficient viscosity at processing temperatures 
substantially less than the decomposition temperature of 
wood fiber. Accordingly, the processing temperature of 
the thermoplastic material must be substantially less 
5 than about 450°F (340®C.) preferably between leo'^'and" 
24 0®C. Further, we have found that the engineering 
resin used in the composite of the invention must have 
little or no moisture sensitivity. In other words, when 
processed at thermoplastic temperatures, the resin as a 

10 result of instability in the presence of moisture, does 
not substantially change its molecular weight or melt 
index. A siibstantial change in molecular weight or melt 
index is a 50% reduction in molecular weight or a 
doubling in melt index. Lastly, after the thermoplastic 

15 material is manufactured by combining the thermoplastic 
engineering resin and the wood fiber, the resulting 
composite has a modulus greater than about 500,000 psi. 
Further, the composite material should have a two hour 
water absorption ASTM D-57-81 less than 2% preferably 

20 less than 1% most preferably less thain 0.6%. 



ENGINEERING RESIN THERMOPLASTIC PARAMETERS 





USEFUL 


PREFERRED 


PROCESS 
TEMPERATURE 


T <250^C 


150*> - 240^C 


MOISTURE 
SENSITIVITY 


Less than 4x 
increase in MI 


Less than 2x 
increase in MI 


SURFACE 
ENERGY 


E >40 
dynes /cm* 


E >45 
dynes/cm* 


MODULUS* 
<RESIN) 


>200,000 


>300,000 



* FLEX 

35 

Condensation Polvmer Resins 
Condensation polymer resins that can be used in the 
composite materials of the invention include polyamides, 
polyamide-imide polymers, polyarylsulfones. 
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polycarbonate, polybutylene terephthalate, polybutylene 
naphthalate , polyetherimideE , polyethersulf ones , 
polyethylene terephthalate, thermoplastic polyimides, 
polyphenylene ether blends, polyphenylene sulfide, 
5 polysulfones, thermoplastic polyurethanes and others. 
Preferred condensation engineering resins include 
polycarbonate materials, polyphenyleneoxide materials, 
and polyester materials including polyethylene 
terephthalate, polybutylene terephthalate, polyethylene 

10 naphthalate and polybutylene naphthalate materials. 
Polycarbonate engineering resins are high 
performance, amorphous engineering thermoplastics having 
high impact strength, clarity, heat resistance and 
dimensional stability. Polycarbonates are generally 

15 classified as a polyester or carbonic acid with organic 
hydroxy compoxinds. The most common polycarbonates are 
based on phenol A as a hydroxy compound copolymerized 
with carbonic acid. Materials are often made by the 
reaction of a bisphenol A with phosgene (COCla) . 

20 Polycarbonates can be made with phthalate monomers 

introduced into the polymerization extruder to improve 
properties such as heat resistance, further 
trifimctional materials can also be used to increase 
melt strength or extrusion blow molded materials . 

25 Polycarbonates can often be used as a versatile blending 
material as a component with other commercial polymers 
in the manufacture of alloys. Polycarbonates can be 
combined with polyethylene terephthalate acrylonitrile- 
butadiene-styrene resins, styrene maleic anhydride 

3 0 resins and others. Preferred alloys comprise a styrene 
copolymer smd a polycarbonate. Preferred melt for the 
polycarbonate materials should be indices between 0 . 5 
and 7, preferably between 1 and 5 gms/lO min. 

A variety of polyester condensation polymer 

35 materials including polyethylene terephthalate, 

polybutylene terephthalate, polyethylene naphthalate, 
polybutylene naphthalate, etc. can be useful in the 
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engineering resin wood fiber therrnoplastic composites of 
the invention. Polyethylene terephthalate and 
polybutylene terephthalate are high performance 
condensation polymer materials. Such polymers often 
5 made by a copolymerization between a diol (ethylene 
glycol, 1,4 -butane diol) with dimethyl terephthalate. 
In the polymerization of the material, the 
polymerization mixtxire is heated to high temperature 
resulting in the transesterif ication reaction releasing 

10 methanol and resulting in the formation of the 
engineering plastic. Similarly, polyethylene 
naphthalate and polybutylene naphthalate materials can 
be made by copolymerizing as above using as an acid 
source, a naphthalene dicarboxylic acid. The 

15 naphthalate thermoplastics have a higher and higher 
stability at high temperature compared to the 
terephthalate materials. However, all these polyester 
materials are useful in the composite structural 
materials of the invention. Such materials have a 

2 0 preferred molecular weight characterized by melt flow 

properties. Useful polyester materials have a viscosity 
at 265®C of about 500-2000 cp, preferably about 800-1300 
cP. 

Polyphenylene oxide materials are engineering 
25 thermoplastics that are useful at temperature ranges as 
high as 330® C. Polyphenylene oxide has excellent 
mechanical properties, dimensional stability, and 
dielectric characteristics. Commonly, phenylene oxides 
are manufactured and sold as polymer alloys or blends 
30 when combined with other polymers or fiber. 

Polyphenylene oxide typically comprises a homopolymer of 
2 , 6-dimethyl-l -phenol . The polymer commonly known as 
poly (oxy- (2, 6 -dime thy 1-1, 4 -phenylene) ) . Polyphenylene 
is often used as an alloy or blend with a polyamide, 
35 typically nylon 6-6, alloys with polystyrene or high 
^ impact styrene cuid others. A preferred melt index ( ASTM 
1238) for the polyphenylene oxide material useful in the 
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invention typically ranges from about 1 to 20, 
preferably about 5 to 10 gm/10 min. The melt viscosity 
is about 1000 at 265**C. 



5 Vlnvl Polymer-^ 

A large variety of vinyl polymeric materials can be 
used in the composite materials can be used in the 
composite materials of the invention. 

However, a preferred class of thermoplastic include 

10 styrenic copolymers. The term styrenic copolymer 

indicates that styrene is copolymerized with a second 
vinyl monomer resulting in a vinyl polymer. Such 
materials contain at least a 5 mol-% styrene and the 
balance being 1 or more other vinyl monomers . An 

15 importsmt class of these materials are styrene 

acrylonitrile (SAN) polymers. SAN polymers are random 
amorphous linear copolymers produced by copolymer i zing 
styrene acrylonitrile and optionally other monomers. 
Emulsion, suspension and continuous mass polymerization 

20 techniques have been used. SAN copolymers possess 
transparency, excellent thermal properties, good 
chemical resistance and hardness. These polymers are 
also characterized by their rigidity, dimensional 
stability and load bearing capability. Olefin modified 

25 SAN's (OSA polymer materials) and acrylic styrene 

acrylonitriles (ASA polymer materials) are known. These 
materials are somewhat softer than unmodified SAN's and 
are ductile, opaque, two phased terpolymers that have 
surprisingly improved weatherability • 

3 0 ASA resins are random amorphous terpolymers 

produced either by mass copolymerization or by graft 
copolymerization. In mass copolymerization, an acrylic 
monomer styrene and acrylonitrile are combined to form a 
heteric terpolymer. In an alternative preparation 

35 technique, styrene acrylonitrile oligomers and monomers 
can be grafted to an acrylic elastomer backbone. Such 
materials are characterized as outdoor weatherable and 
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UV resistant products that provide excellent 
accommodation of color stability property retention and 
property stability with exterior exposure. These 
materials can also be blended or alloyed with a variety 
5 of other polymers including polyvinyl chloride, 

polycarbonate, polymethyl methacrylate and others. An 
important class of styrene copolymers includes the 
acrylonitrile -butadiene -styrene monomers. These resins 
are very versatile family of engineering thermoplastics 

10 produced by copolymerizing the three monomers. Each 
monomer provides an important property to the final 
terpolymer material. The final material has excellent 
heat resistsuice, chemical resistance and surface 
hardness combined with processability, rigidity and 

15 strength. The polymers are also tough and impact 

resistajit. The styrene copolymer family of resins have 
a melt index that ranges from about 0.5 to 25, 
preferably about 0.5 to 20. 

An important class of engineering resins that can 

20 be used in the composites of the invention include 
acrylic resins. Acrylics comprise a broad array of 
polymers and copolymers in which the major monomeric 
constituents are an ester acrylate or methacrylate. 
These resins are often provided in the form of hard, 

25 clear sheet or pellets. Acrylic monomers polymerized by 
free radical processes initiated by typically peroxides, 
azo compounds or radiant energy. Commercial polymer 
formulations are often provided in which a variety of 
additives are modifiers used during the polymerization 

30 provide a specific set of properties for certain 

applications. Pellets made for resin grade applications 
are typically made either in bulk (continuous solution 
polymerization) , followed by extrusion coid pelleting or 
continuously by polyermization in an extruder in which 

35 unconverted monomer is removed under reduced pressure 
and recovered for recycling. Acrylic plastics are 
commonly made by using methyl acrylate. 
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methylmethacrylate, higher alkyl acrylates and other 
copolymerizable vinyl monomers. Preferred acrylic resin 
materials useful in the composites of the invention has 
a melt index of about 0,5 to 50, preferably about 1 to 
5 30 gm/lO min. 

Vinyl polymer resins include a acrylonitrile ; 
alpha-olef ins such as ethylene, propylene, etc.; 
chlorinated monomers such as vinylidene dichloride, 
acrylate monomers such as acrylic acid, methylacrylate, 

10 methylmethacrylate, acrylamide, hydroxyethyl acrylate, 
and others; styrenic monomers such as etyrene, 
alphamethyl styrene, vinyl toluene, etc.; vinyl acetate; 
and other commonly availsJ^le ethylenically unsaturated 
monomer compositions, 

15 Polymer blends or polymer alloys can be useful in 

manufacturing the pellet or linear extrudate of the 
invention. Such alloys typically comprise two miscible 
polymers blended to form a uniform composition. 
Scientific and commercial progress in the area of 

20 polymer blends has lead to the realization that 

important physical property improvements can be made not 
by developing new polymer material but by forming 
miscible polymer blends or alloys. A polymer alloy at 
equilibrium comprises a mixture of two amorphous 

25 polymers existing as a single phase of intimately mixed 
segments of the two macro molecular components. 
Miscible amorphous polymers form glasses upon sufficient 
cooling and a homogeneous or miscible polymer blend 
exhibits a single, composition dependent glass 

30 transition temperature (Tg) . Immiscible or non- alloyed 
blend of polymers typically displays two or more glass 
transition temperatures associated with immiscible 
polymer phases. In the simplest cases, the properties 
of polymer alloys reflect a composition weighted average 

35 of properties possessed by the components. In general, 
however, the property dependence on composition varies 
in a complex way with a particular property, the nature 
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of the components (glassy, rubbery or semi -crystalline) , 
the thermodynamic state of the blend, and its mechanical 
state whether molecules and phases are oriented. 

The primary requirement for the substantially 
5 thermoplastic engineering resin material is that it 
retain sufficient thermoplastic properties to permit 
melt blending with wood fiber, permit formation of 
linear extrudate pellets, and to permit the composition 
material or pellet to be extruded or injection molded in 
10 a thermoplastic process forming the rigid structural 
member. Engineering resin and resin alloys are 
available from a number of manufacturers including B.F. 
Goodrich, G.G., Dow, and duPont. 

W<?9^ Fiber 

15 Wood fiber, in terms of cibundance and suitability 

can be derived from either soft woods or evergreens or 
from hard woods commonly known as broad leaf deciduous 
trees . Soft woods are generally prefeirrej fn*^ f-SKoy 
man ufacture be cause the r esulting fibers are longe r, 

20 contain high percentages of ^licmi n and lower p ercentages 
of hemicellul ose than hard woods >_ While soft wood is 
the primary source of fiber for the invention, 
additional fiber make-up can be derived fr om a number of 
secondary or fiber reclaim sources including bamboo, 

25 rice , sugar cane, aind recycled fibers from new spapers, 
boxes, computer printou ts, etc. 

However, the primary source for wood fiber of this 
invention comprises the wood fiber by-product of sawing 
or milling soft woods commonly known as sawdust or 

3 0 milling tailings. Such wood fiber has a regular 

reproducible shape and aspect ratio. The fibers based 
on a random selection of about 100 fibers are commonly 
at least 0.1 mm in length, up to 1 mm in thickness and 
commonly have an aspect ratio of at least 1.5. 

35 Preferably, the fibers are 0.1 to 5 mm in length with an 
aspect ratio between 2 ajid 7, preferably 2.5 to 6. The 
preferred fiber for use in this invention are fibers 
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derived from processes common in the manufacture of 
windows and doors. Wooden members are commonly ripped 
or sawed to size in a cross grain direction to form 
appropriate lengths and widths of wood materials. The 
5 by-product of such sawing operations is a sxibstantial 
quantity of sawdust. In shaping a regular shaped piece 
of wood into a useful milled shape, wood is commonly 
passed through machines which selectively removes wood 
from the piece leaving the useful shape. Such milling 

10 operations produces substantial quantities of sawdust or 
mill tailing by-products. Lastly, when shaped materials 
are cut to size and mitered joints, butt joints, 
overlapping joints, mortise and tenon joints are 
manufactured from pre -shaped wooden members, substantial 

IS waste trim is produced. Such large trim pieces are 

commonly cut and machined to convert the larger objects 
into wood fiber having dimensions approximating sawdust 
or mill tailing dimensions. The wood fiber sources of 
the invention can be blended regardless of particle size 

20 and used to make the composite. The fiber stream can be 
pre-sized to a preferred range or can be sized after 
blending. Further, the fiber can be pre-pelletized 
before use in composite manufacture. 

Such sawdust material can contain substantial 

25 proportions of waste stream by-products. Such by- 
products include waste polyvinyl chloride or other 
polymer materials that have been used as coating, 
cladding or envelope on wooden members; recycled 
structural members made from thermoplastic materials; 

30 polymeric materials from coatings; adhesive components 
in the form of hot melt adhesives, solvent based 
adhesives, powdered adhesives, etc.; paints including 
water based paints, alkyd paints, epoxy paints, etc.; 
preservatives, anti-fungal agents, ant i -bacterial 

35 agents, insecticides, etc., and other waste streams 

common in the manufacture of wooden doors and windows . 
The total waste stream content of the wood fiber 
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materials is commonly less than 25 wt-% of the total 
wood fiber input into the composite product. Of the 
total waste recycle, approximately 10 wt-% of that can 
comprise a thermoplastic. Commonly, the intentional 
5 recycle ranges from about 1 to about 25 wt-%, preferably 
cdDout 2 to about 20 wt-%, most commonly from about 3 to 
about 15 wt-% of contaminants based on the sawdust. 

CX>MPOSITE PARAMETERS 

10 





USEFUL 


PREFERRED 


MODULUS* 


>500,000 


>700,000 


TWO HOUR WATER 
ABSORPTION 


<1,0% 


<0,5% 


COEFFICIENT OF 

THERMAL 

EXPANSION 


<2.5 X 10'* 
in/in- <*F 


<1.5 X 10-* 
in/in-<*F 


HEAT 

DISTRIBUTION 
TEMPERATURE 


T >100<»C 


T >105**C 


IMPACT ENERGY 


>4 in- lb 


>G in-lb 



* FLEX 



25 Compoaition and Pellet Manufacture 

In the manufacture of the composition and pellet of 
the invention, the manufacture and procedure requires 
two important steps. A first blending step and a second 
pelletizing step. 

3 0 During the blending step , the engineering resin 

and wood fiber are intimately mixed by high shear mixing 
co mponents with recycled ma terial to form a pol ymer woo d 
composite wherein the polymer mixture comprises a 
continuous organic phase and the wood fiber with the 

35 recycled materials forms a discontinuous phase suspended 
or dispersed throughout the polymer phase. The 
manufacture of the dispersed fiber phase within a 
continuous polymer phase requires substantial mechanical 
input. Such input can be achieved using a variety of 

40 mixing means including preferably extruder mechanisms 
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wherein the materials are mixed under conditions of high 
shear until the appropriate degree of wetting and 
intimate contact is achieved. After the materials are 
fully mixed, the moisture content can be controlled at a 
5 moisture removal station. The heated composite is 

exposed to atmospheric pressure or reduced pressure at 
elevated temperature for a sufficient period of time to 
remove moisture resulting in a final moisture content of 
about 8 wt-% or less. Lastly, the polymer fiber is 

10 aligned and extruded into a useful form. 

The preferred equipment for mixing and extruding 
the composition and wood pellet of the invention is an 
industrial extruder device. Such extruders can be 
obtained from a variety of manufacturers including 

15 Cincinnati Millicron, etc. 

The materials feed to the extruder can comprise 
from about 3 0 to 50 wt-% of sawdust including recycled 
impurity along with the balance an engineering resin 
composition. Preferably, about 35 to 50 wt-% wood fiber 

20 or sawdust is combined with 65 to 50 wt-% of resin. The 
resin feed is commonly in a small particulate size which 
can take the form of flake, pellet, powder, etc. Any 
polymer resin form can be used such that the. polymer can 
be dry mixed with the sawdust to result in a 

25 substantially xiniform pre-mix. The wood fiber or 
sawdust input can be derived from a number of plant 
locations including the sawdust resulting from rip or 
cross grain sawing, milling of wood products or the 
intentional commuting or fiber manufacture from waste 

3 0 wood scrap. Such materials can be used directly from 

the operations resulting in the wood fiber by-product or 
the by-products can be blended to form a blended 
product. Further, any wood fiber material alone, or in 
combination with other wood fiber materials, can be 

35 blended with waste stream by-product from the 

manufacturer of wood windows as discussed above. The 
wood fiber or sawdust can be combined with other fibers 
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ajid recycled in commonly available particulate handling 
equipment . 

Resin and wood fiber are then dry blended in 
appropriate proportions prior to introduction into 
5 blending equipment . Such blending steps can occur in 
separate powder handling equipment or the polymer fiber 
streams can be simultaneously introduced into the mixing 
station at appropriate feed ratios to ensure appropriate 
product composition. 

10 In a preferred mode, the wood fiber is placed in a 

hopper, controlled by weight or by volume, to proportion 
fiber into the mixer. The resin is introduced into a 
similar resin input system. The amount of resin and 
fiber are adjusted to ensure that the composite material 

15 contains appropriate proportions on a weight or volume 
basis. The fibers are introduced into am excrusion 
device preferably a twin screw extrusion device . The 
extrusion device has a mixing section, a transport 
section and melt section. Each section has a desired 

20 heat profil e resulting in a useful product. . The 

materials are introduced into the extruder at a rate of 
about 600 to cibout 1000 pounds of material per hour and 
are initially heated to a temperature that can maintain 
an efficient melt flow of resin. A multistage device is 

25 used that profiles processing temperature to efficiently 
combine resin and fiber. The final stage of extrusion 
comprises a head section. The head sections can contain 
a circular distribution (6-8" diameter) of 10 to 500 or 
more, prefersQ^ly 20 to 250 orifices having a cross- 

3 0 sectional shape leading to the production of a regular 
cylindrical pellet . As the material is extruded from 
the head it is cut with a doxible-ended knife blade at a 
rotational speed of about 100 to 400 rpm resulting in 
the desired pellet length. 

3 5 The following examples were performed to further 

illustrate the invention that is explained in detail 
above. The following information illustrates the 
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typical production conditions and compositions and the 
tensile modulus of a structural member made from the 
pellet. The following examples and data contain a best 
mode. 

^ Sample Preoaratilon 

A laboratory scale twin screw Brabender extruder is 
used to prepare samples of engineering resin- sawdust 
composites. The following resins were used: 



10 
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These polymers are pr^ntixed with sawdust (40% by 
weight) in a dough mixer -: To assist processab ility a_ 
lubricant, oxidized polyethylene AC 629A r'^is added at 
1,5-2 phr (parts per hundred parts of resin). For 
5 example: 600 grams of polymer is mixed with 400 grams 
. of sawdust and 9 grams of AC629A, The premixed polymer- 
sawdust is then fed into the lab extruder. The extruder 
is equipped with a slit die (1" width, 0.1" thick) and a 
ta ke -off puller with an air knife for cooling. 
10 The polymer- sawdust mixture is fed to the extruder 

with a volumetric feeder. The feed rate is adjusted to 
give a smooth flow of material. The extruder is run at 
the following conditions: 



PARAMETER 


SETTING 


Barrel Zone 1 Temperature 


150 36^^ 


Barrel Zone 2 Temperature 


165<»C 


Barrel Zone 2 Temperature 


180«C 3r<^/^ 


Adapter Temperature 


185 'C li^^i: 


Die Temperature 


180"»C 


Screw Speed i<r» v^s"*- • 


10-15 


Feeder setting i/ifj\<5^- 


15-20 


Air pressure for cooling 


20 Psi 



The temperatures, feed rates and the screw speeds 
25 are adjusted to accommodate the varying flow 

characteristics of different polymers. After extrusion, 
about 4 feet length of strips were saved for physical 
property testing. 

Physical Propertv Testing 
3 0 The following tests were conducted on the samples 

obtained from the extruded strips. The sample size for 
the respective physical property tests is given below as 
length, width and thickness in inches. Before any kind 
of testing all the samples were annealed in an oven at 90 
for 30 minutes and left at room temperature for at least 12 
hours , 
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10 



Instron stresa-etrain curves at 0.05 in/min strain 
rate on 7x1x0.1 inch samples (ASTM D 3039 M) 



Heat Distortion Temperature testing in a heated 
air chamber on 5x1x0.1 inch samples (ASTM D 648- 
82) 



Coefficient of thermal expansion using a 
Dilatometer on 2.5x0.5x0,1 inch samples (T^TM D 
696-91) 



Surface energy calculated from contact angles 
using a Rame" Hart Goniometer 



All the tests were conducted in close accordance 
with the ASTM standards listed above. Instron and 

15 Goniometer were operated at room temperature. Owing to 
the sensitivity of sawdust with the oil used as heat 
transfer fluid in a standard heat distortion measuring 
device, an insulated box with a strip heater and a 
temperature controller was built so that the samples 

20 could be heated with hot air. The ramp rate of 

temperature as measured by a thermocouple near the 
samples was aroxind 1.85**C/min, which is close to the 
ASTM standard of 2«»C/min. The Coefficient of thermal 
expamsion is measured on 2.5 inch long sample over a 

25 temperature rise from 0. to 45**C, 

Addition of filler to a polymer eiib?nr-r»=5 i^s 
stiffness and its resistance to deform and expand with 
temperature rise as illustrated by measurements of 
modulus, HDT and COE. The contact angle as measured on 

30 a Goniometer reflects the wettability of a surface by a 
polar (water) and a non-polar (methylene iodide) 
liquids. A surface energy term has been computed from 
the contact angles obtained by placing a drop of water 
and methylene iodide on the surface. A surface with 

35 zero contact suigle has high surface energy and good 
wettability. Wood has a high surface energy and 
thermoplastics have lower surface energy. Lesser the 
difference in surface energy between the wood ajid 
plastic, better the thermodynamic adhesion between them. 
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These criteria were used to evaluate the effects of 
addition of sawdust to thermoplastics. 
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SAMPLE DIMENSIONS FOR TESTS 





Length 
in 


Width 
in 


Thickness 
in 




Izistron 
(Modulus ) 


7 


1 


0.1 


at 0.05 in/min 
strain rate 


HOT 


5 


1 


0.1 


at 264 psi or 
0.44 lb 


Impact 


2 


1 


0.1 


with 0.87 lb dart 


CX)TE 


2-2.5 

J 


0,4-0.5 


0.09-0.11 


Dilatometer between 
0 to 45 C, ASTM 
DG9€ 



The above specification, examples and data provide 
a complete description of the manufacture and use of the 
composition of the invention. Since many embodiments of 
the invention can be made without departing from the 
5 spirit and scope of the invention, the invention resides 
in the claims hereinafter appended. 



